Adult oveigerous female snow crab, Chionoecetes opilio, were obtained approximately bimonthly from the eastern Bering Sea for embryonic sampling and biometric information. Biochemical analysis of embryo samples included determination of moisture, ash, total lipid, protein content, fatty acid profile, and lipid profile. Moisture increased as the embryos matured. Protein content remained unchanged, ash content increased, and lipid content decreased on a dry weight basis coincident with embryonic development indicating that lipids were the main energy source of developing embryos. The utilization of saturated, monounsaturated, and polyunsaturated fatty acid categories during development was similar but individual fatty acids within each category varied considerably. Over 75% of the C14:0, C18:4(n-3), and C20:1(n-11) fatty acids were consumed during the embryonic development from nauplius to pre-hatch while C22:5(n-3), C20:5(n-3), and C18:1(n-9)cis fatty acids were utilized at 49%, 57%, and 48% respectively. Docosahexaenoic acid, DHA, C22:6(n-3), was among the least utilized fatty acid at 36%. Forward stepwise general discriminant analysis of fatty acid profiles indicated that determination of fatty acid profiles could be used to distinguish between embryos at the nauplius stage and the prehatching stage of development but not among embryos at intermediate stages. Triacylglycerides provided the energy source during development. This research highlights the potential nutrient requirements critical to early life-history development of Bering Sea snow crabs.
INTRODUCTION
Snow crab, Chionoecetes opilio (Fabricius, 1788) , are brachyuran decapods belonging to the family Majidae. All five species of the genus Chionoecetes are harvested commercially and occur in cold waters from the Japan Sea to the northwest Atlantic. The snow crab resource of the eastern Bering Sea (EBS) once supported the most valuable crab fishery in Alaska with average annual landings of 85,000 t over the period [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] with an all-time high catch of 149,000 t in 1991 (ADFG, 2000) . Since then, male and female abundance have consistently declined. Recruitment of new individuals to the stock reached a historical low in 1994 and has since remained depressed (Turnock and Rugolo, 2006) .
Primiparous females molt to maturity and mate generally between January and April (Sainte-Marie et al., 1996; Rugolo et al., 2005) , while the multiparous females mate later, from April to June (Moriyasu et al., 1987; Ennis et al. 1990; Sainte-Marie and Hazel, 1992; Lovrich et al., 1995; Sainte-Marie et al., 1996) . Embryos are incubated on the abdomen of females until hatching. Once hatched, the larvae develop for three to five months (Sainte-Marie et al., 1996) through three planktonic stages, and settle as megalopae between late August and the end of October (Robichaud et al., 1989; Conan et al., 1992; Lovrich et al., 1995; SainteMarie et al., 1996) . Although the population of snow crab of the EBS has been intensely monitored for over two decades, the biochemical processes associated with embryogenesis have not been investigated.
Crustaceans are limited in their ability to synthesize certain essential fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and depend upon prey as a source (Harrison, 1990) . Most crustacean embryos are lecithotrophic, relying upon lipids as the main energy source during development although some metabolize proteins to a greater extent (Harrison, 1990; Jaeckle, 1995; Gardner, 2001) . Triglycerides are the main energy source during embryonic development (Harrision, 1990 ) with phospholipids and cholesterol mainly being used as structural components of membranes (Rosa et al., 2003 (Rosa et al., , 2005 . After hatching, many crustacean larvae such as C. opilio are planktotrophic while others are lecithotrophic and rely upon energy reserves to sustain them during larval development (Kon, 1979; Jaeckle, 1995; Kattner et al., 2003) . Successful recruitment will therefore be influenced by the availability of suitable prey. Studies show that reproductive success in crustaceans is influenced by diet (Ji, 1998; Cavelli et al., 1999; Wouters et al., 1999 Wouters et al., , 2001 . Xu et al. (1994) reported that increased levels of dietary EPA and DHA in eggs of Chinese prawns, Fenneropenaeus chinensis (Osbeck,1765) were correlated with higher fecundity and hatch rates. Wen et al. (2002) reported correlations between EPA and fecundity and between DHA and hatchability in Chinese mitten-handed crab, Eriocheir sinensis (Milne Edwards, 1853) . Determination of the level of these important nutrients could provide an additional diagnostic tool in assaying the reproductive health of the Bering Sea snow crab population. Furthermore, the biochemical profile of eggs may serve as a guide to developing a successful larval diet (Narciso and Morias, 2001) . The objectives of this research were to document changes in the biochemistry of snow crab embryos during development with particular interest in determining changes in the fatty acid and lipid profiles and to determine if the fatty acid profile could be used to predict time of hatching.
MATERIALS AND METHODS

Collection of Crab and Preparation of Samples
This study was an adjunct to a larger research investigation on snow crab reproductive dynamics and life history that commenced in the summer of 2002 and results of that study are reported separately (Rugolo et al., 2005) . Crabs were collected from the eastern Bering Sea north of the Pribilof Islands during six bimonthly sampling trips from July 2002 to June 2003. Due to scheduling conflicts, it was not possible for the July 2002 sample (JUL02) to be processed for the biochemical analysis described in this article. We adopted the nomenclature of crabs caught in September 2002 , November 2002 , January 2003 , March 2003 , and June 2003 as originating from cruises SEP02, NOV02, JAN03, MAR03, and JUN03, respectively. The duration of each cruise was typically 5 days except for the JUN03 cruise which lasted 14 days. Crabs were obtained by means of trawling, placed in nylon onion-type bags, and held in the vessel's circulating sea water tanks. At the completion of each cruise, the crabs were shipped live by air to the Kodiak Fisheries Research Laboratory (KFRL), Kodiak, Alaska and held in covered tanks with flow through sea water chilled to 3.58C for the duration of the study. This temperature was within the normal thermal range of C. opilio; therefore, it is assumed that metabolic costs incurred through holding were minimized. The rate of development of the crab embryos was assumed to be minimally affected by the collection, transport, and holding conditions. While in captivity, crabs were fed twice per week with a varied diet of cod, squid and herring depending on local availability at the rate of 2 grams per crab per feeding. The method of Moriyasu and Lanteigne (1998) was used to assign stages of embryonic development. The time interval between capture and determining embryonic development varied from three weeks for the MAR03 cruise to six weeks for the JAN03 cruise. Samples used to determine the stage of embryonic development were taken in an accompanying phase of the investigation (Rugolo et al., 2005) and were not available for biochemical analysis. The time interval between determining the stage of embryonic development and biochemical sampling ranged from 0 days for the MAR03 cruise to 29 days for the JUN03 cruise. It is assumed that the time interval between determination of embryonic stage and sampling for biochemical analysis did not have a major effect on the results described in this report. Descriptions of shell condition class follow the protocols used and developed on the annual NMFS EBS trawl survey (Jadamec et al., 1999) . Multiparous females that molted to maturity the previous year are designated SC3, or old shell. In the present study, results for only second brood multiparous SC3 females are presented. Biometric information included carapace width, pleon width, whole crab weight, weights of ovary and eggs, and shell condition class.
Twenty to thirty crabs were collected for biochemical analysis from each cruise. Pleopods with attached eggs were removed from the crab with scissors, rinsed to remove salt water by dipping briefly in distilled water, and briefly placed on paper towels to drain. Eggs were stripped from pleopods with forceps and the clutch weight recorded. For each cruise, there were two egg sampling methods; composite and individual. To obtain sufficient material for all proximate analyses, eggs from four to five crabs were pooled to form composite samples. Three composite egg samples were prepared from each bimonthly collection on the first day of biochemical sampling and eggs from remaining crabs were sampled on an individual basis on subsequent days. Each bimonthly collection provided five to nine individual egg samples. Since all embryos in a brood do not develop synchronously and since females collected on the same cruise date have embryos distributed over a range of developmental stages, it was not possible to pool samples from only one embryonic stage for biochemical analysis.
To present the data in a manner that depicts the biochemical changes that occurred as the embryos matured, days to hatch were calculated with the value for the MAR03 cruise collection set at zero since eggs brooded by females from this collection had commenced hatching when sampled for biochemical analysis. For samples from the other cruises, days to hatch was calculated by subtracting the ordinal date of the composite sample from the corresponding date of the MAR03 collection. Thus samples from JUN03, SEP02, NOV02, and JAN03 cruises had days to hatch values of 227, 172, 119, and 46, respectively, at the time of biochemical sampling. Although the JUN03 sample came from a different year class of crabs than the remaining samples, it was assumed that any differences between year classes in terms of mating timing or nutritional status that could have affected these results were minor compared to the changes observed as the embryos matured. Embryos from the JUN03 sample therefore represent the earliest developmental stage used for reference for biochemical analysis and percent utilization of fatty acids. Where necessary, we may further refer to cruises as early or late to reflect relative development of the crab embryos rather than calendar dates.
Color
Eggs from individual crabs were placed in test tube caps (18 mm 3 10 mm) and the surface leveled with a spatula to minimize variation due to depth of sample and unevenness of the surface. A Minolta Chromo Meter II Reflectance color analyzer (Minotla Co., Ramsey, New Jersey) was used to determine L*, a*, and b* values triplicate. L* is a measure of the lightness of a sample; positive a* indicates a red hue and negative a* indicates a green hue; positive b* indicates a yellow hue, and negative b* indicates a blue hue. No color measurements of composite egg samples were taken.
Proximate Analysis
Moisture and ash content were determined using Association of Analytical Chemists (Cunniff, 1995) methods #950.46 and #923.03, respectively. Nitrogen content was assayed by pyrolysis with a Leco FP-2000 nitrogen analyzer (Leco Co., St. Joseph, Missouri). Protein content was calculated as 6.25*%N (Cunniff, 1995) . Moisture, ash, and lipid content were determined in duplicate and protein content was determined either in duplicate or triplicate. Total lipid content was determined using the method of Folch et al. (1957) . Samples were weighed into a 40 mL amber vial and blended for 3 min with 30 mL of a 2:1 CHCl 3 -CH 3 OH mixture containing 0.01% butyl hydroxytoluene (BHT) using a homogenizer (Tissue Tearer model 398, Bespeak Products, Bartlesville, Oklahoma). The mixture was vacuum filtered through a Whatman No. 2 filter into a 25 3 150 mm screw cap test tube. An additional 10 mL of the solvent mixture was blended in the vial and used to wash the filtrate to recover any remaining lipid from the tissue. If there were too many samples to extract on a given day, egg tissue was weighed into a 40 mL amber screw cap vial, preserved with 5 mL of with 0.01% BHT in CHCl 3 , flushed with dry nitrogen, capped, sealed with ParafilmÒ and held at À808C until extracted. For samples preserved in this manner, the initial homogenization used 25 mL of a 3:2 CHCl 3 -CH 3 OH solution to bring the final CHCl 3 :CH 3 OH ratio to 2:1. Lipids obtained from the extractions were transferred to 8 mL screw cap amber vials, treated with 0.01% BHT in CHCl 3 , flushed with nitrogen, capped, sealed with ParafilmÒ and held at À808C until analysis. Experimental values for ash, protein and total lipid content were converted to a zero moisture content basis prior to statistical analysis. Dry organic weight, DOW, was calculated as: DOW ¼ 100 À ð% Ash-dry basisÞ
Preparation of Fatty Acid Methyl Esters and Gas Chromatography Analysis
Fatty acid methyl esters (FAMEs) were prepared in duplicate by the method of Maxwell and Marmer (1983) using C19:0 or C23:0 as the internal standard. FAMEs were transferred into 1.5 mL screw-cap amber GC vials (Agilent Technologies, Wilmington, Delaware) and either immediately analyzed or stored at À808C prior to analysis. A GC model 6850 (Agilent Technologies, Wilmington, Delaware) fitted with a DB225 (30 m 3 0.25 mm id., 0.25 lm film) capillary column (Agilent Technologies, Wilmington, Delaware) was used for fatty acid analysis as described by Oliveira and Bechtel (2005) . Injector and detector temperature were held at 2508C and helium was used as carrier gas at constant flow of 1.0 mL/min. The split ratio was 25:1 and the oven programming was 1408C to 2208C at a rate of 38C/min for a total run time of 47 min. An autosampler performed the GC injections of standards and sample, and the injection volume was 1 lL. The ChemStation enhanced integrator program was used to integrate the chromatogram peaks. Fatty acid identity and peak purity were further confirmed using a gas chromatograph GC 6890N coupled to a mass spectrometer MS5973 (Agilent Technologies, Wilmington, Delaware) fitted with an identical column and operated under the same chromatographic conditions as describe above. The MS was operated in electron impact mode under the following conditions: temperature of interface 2408C; source temperature 2308C; quadrupole temperature 1508C; solvent delay 4.0 min; 3.99 scans/sec. Samples were run in duplicates and all standards used in the identification of peaks were purchased from SupelcoÒ (Bellefonte, Pennsylvania). The standards used were: Supelco 37, Bacterial Acid Methyl Esters Mix, Marine Oil #1, and Marine Oil #3. Less than 3% of total fatty acids were not identified.
To calculate the fatty acid content on a lg/mg egg-dry basis, the percent of each fatty acid (FA) was multiplied by a sample's lipid content on a dry basis as: FAðlg=mg egg-dry basisÞ ¼ FAð% total fatty acidÞ Ã % lipid-dry basis Percent utilization of each fatty acid or fatty acid category was calculated as follows:
where FA JUN03 is the mean amount of a fatty acid (lg/mg egg-dry basis) of the composite crab samples from the JUN03 cruise and FA MAR03 is corresponding value of a composite sample from the MAR03 cruise. As previously noted, embryos from the JUN03 cruise were selected as the basis of comparison since these embryos were at the earliest stage of development in the series of collections and embryos from the MAR03 cruise were hatching at the time of biochemical sampling.
Lipid Profile
Only lipids from composite samples were used for lipid class analysis. Proportions of lipid classes were determined by thin-layer chromatography with flame ionization detection (TLC/FID) as described by Ylitalo et al. (2005) . Each lipid extract was spotted on a Chromarod (Type SIII) and developed in a solvent system containing 60:10:0.02 hexane:diethyl ether:formic acid (v/v/v). Various classes of lipids were separated based on polarity, with the nonpolar compounds (i.e., wax esters) eluting first, followed by the more polar lipids (i.e., phospholipids). A four-point linear external calibration was used for quantification. Total lipid concentrations were calculated by adding the concentrations of the five lipid classes for each sample and were reported as percent total lipid. Duplicate TLC/FID analyses were performed for each sample extract.
Statistical Analysis SAS 6.2 statistical programming (SAS Inc., Cary, North Carolina) was used to calculate a nested ANOVA to determine the effect of sampling method and days to hatch on biochemical results. Sampling method had two levels, composite and individual, whereas days to hatch was represented by five levels, one for each bimonthly collection. For the composite sampling method, three replicate samples were made per bimonthly collection whereas there were five to nine replicates per days to hatch value for the individual sampling method. To test for the effect of sampling method, a three level nested analysis of variance model was used where the replicate analytical values for a given sample were nested within sample replicates, sample replicates were nested within days to hatch, and days to hatch was nested within sampling method. Lipid class and color results were subject to a nested ANOVA with sample replicates nested within days to hatch. A one-way ANOVA was used to determine any differences in biometric parameters, lipid:DOW, and protein:DOW ratios due to days to hatch. The post-hoc least significant test was used to determine which samples were different from each other. Percent total fatty acids results were subjected to forward stepwise general discriminant analysis (FSGDA) using the Multivariate Exploratory Techniques module from Statistica version 6.1 (StatSoft Inc., Tulsa, Oklahoma) following the analysis described by Oliveira et al. (2005) . In this analysis, days to hatch were used as grouping variable (days to hatch) and all FA and FA classes were initially included in the analysis. The FSGDA ranked each variable based on the magnitude of its contribution to the discriminatory power of the model at P , 0.05. Thus, the algorithm selected the most important FA and FA classes eliminating those with low or null contribution to the model. For those selected, a 2-dimensional canonical plot was generated using the first two canonical roots to show ellipses representing the spatial 95% confidence intervals for the prediction model based on number of days for eggs to hatch.
RESULTS
Biological Development
The embryos from the crabs from the JUN03 cruise were the least mature containing primarily stage 7 or 8 nauplii and those from the MAR03 cruise were the most mature containing embryos at stages 13-14, prehatching (Table 1) . Female crabs with embryos at 227 days to hatch had a larger mean carapace width and whole body weight than crabs from other dates, but the mean pleon flap width was not significantly different (Table 2) . Clutch weight was not Table 2 . Mean values (6 SD) of C. opilio carapace width, abdominal width, whole weight, clutch weight, clutch to body weight ratio, L* (whiteness), a* (red hue), and b* (yellow hue) by days to hatch. Days to hatch represent the number of days between date of biochemical sampling and corresponding date of crabs from the MAR03 cruise. The superscript letters are used to denote significance (P , 0.05) between embryonic characteristics. 28.9 C 6 7.0 11.9 D 6 2.6 3.9 E 6 1.8 different among the crabs with the embryos at 227, 172, or 119 days to hatch, but was higher in crabs at 46 and 0 days to hatch ( Table 2 ). The clutch:whole weight ratio was lowest in crabs with embryos at 227 days to hatch and highest in crabs with embryos at 46 and 0 days to hatch. L*, a*, and b* values decreased as the embryos matured ( Table 2 ).
Effect of Sampling Method
Since it was necessary to pool eggs from four to five individuals to insure that sufficient material would be available for proximate analysis, we were concerned that this would mask important variation among individual crabs in these biochemical metrics. Therefore, we first assessed the consequence of forming composites by analyzing differences in these biochemical metrics among individual female specimens. Results of the nested ANOVA indicated that sampling method did not significantly (P . 0.05) affect values for moisture (
Many of the egg clutches from individual crab were not sufficiently large to allow protein content to be determined by our experimental methods in addition to analyzing other components, so no comparison with protein content of composite samples was made. Sampling method was not found to affect the distribution of any of the fatty acids or fatty acid categories either. Because sampling method did not affect results, only data on the composite sample will be discussed here.
Proximate Composition
Moisture and ash content on a dry basis increased, but protein content on a dry basis remained unchanged during embryonic development (Table 3) . Lipid content at the earliest developmental stage evaluated in this study, 227 days to hatch, was 30% on a dry basis and decreased with embryonic development as measured by days to hatch, Table 3 . The lipid:DOW ratio decreased from 32% in eggs of crab at 227 days to hatch when embryos were mainly at stages 7 or 8 to 15% when the embryos were pre-hatch while the protein:DOW ratios ranged from 67% to 78% (Fig. 1) .
Fatty Acids Polyunsaturated fatty acids, PUFA, were the predominant class of fatty acids in eggs from each cruise, followed by monounsaturated fatty acids, MUFA (Table 4) . Saturated fatty acid content, SFA, was about half that of either PUFA or MUFA. Palmitic acid, C16:0, was the predominant saturated fatty acid followed by C14:0 and C18:0 (Table 4) . The predominant monounsaturated fatty acids, in decreasing order, were oleic, C18:1(n-9)cis . C16:1(n-7) . C18:1 (n-7) . C20:1(n-9) ( Table 4 ). The predominant polyunsaturated fatty acids in snow crab eggs, in decreasing order, were EPA . DHA . C20:4(n-6) or arachidonic acid (ARA). With the exception of the minor fatty acid C20:1 (n-6), all fatty acids and fatty acid categories decreased during embryonic development.
Utilization of fatty acids through embryonic development was similar among categories with SFA, MUFA and PUFA being consumed 55%, 58% and 51% relative to their values in the JUN03 sample (Fig. 2) . Another approach in considering the relative contribution of each category of fatty acids to the energy needs of the developing embryo is to calculate the amount utilized between the earliest and latest developmental stages. Using this approach, the decrease in SFA content was 32.0 lg/mg dry basis, about half that of MUFA and PUFA at 62.1 and 67.0 mg/g dry basis, respectively.
Although the extent of utilization among the different fatty acid categories was similar, fatty acids within each category had a different extent of utilization. More than 85% of the C14:0 was utilized while C16:0 and C18:0 was utilized to a lesser extent (Fig. 2) at 50% and 17%, respectively. Since C16:0 content was much higher in snow crab embryos than the other saturated fatty acids, it is important to consider the amount rather than just the percent utilized. In this case, C16:0 and C14:0 decreased by 17.2 and 9.5 lg/mg dry basis, respectively, while C18:0 decreased by only 0.8 lg/mg dry basis. Among monunsaturated fatty acids, C20:1(n-11) was utilized at more than 85% followed by C16:1(n-7), oleic, and C18:1(n-7) at 69%, 48%, and 31%, respectively (Fig  2. ). The total amount of C16:1(n-7) and oleic utilized was 14.3 and 13.5 lg/mg dry basis, respectively; thus these FA contributed more towards development than C20:1(n-11), C22:1(n-11), and C18:1(n-7) respectively, at 8.9, 6.0, and 4.7 lg/mg dry basis. Percent utilization of fatty acids within the PUFA category varied with EPA, ARA, and DHA being depleted by 57%, 47%, and 36%, respectively between the earliest and latest stage of embryonic development in snow crabs (Fig. 2) . However, the trend was different based on the amount of fatty acid consumed with EPA, DHA and ARA utilized at 41.0, 11.5, and 3.7 lg/mg, respectively Lipid Class Triacylglycerides (TG) were the predominant lipid class comprising 65.4% of the total lipids in embryo samples that were analyzed approximately 227 days prior to hatching (Table 5 ). The levels of TG decreased to 33.2% when samples approximately 46 days prior to hatching. Phospholipids (PL) represented 32.1% of the toal lipid at 227 days prior to hatch and increased to 63.9% of the total lipids at 46 days to hatch. The apparent increase in TG and decrease in PL between 46 and 0 days prior to hatching is difficult to explain as it is contrary to the trend usually seen in crustacean eggs. Sterols remained unchanged at less than 3% up to 46 days prior to hatching but increased to 12.3% by the time embryos were ready to hatch.
Forward Stepwise General Discriminant Analysis
The FSGDA, at step number 9 (final step) using a P-value set at 0.05 removed all but six FA and two FA classes as being important for the model. The FA and FA classes included in the model were: C16:0, C18:0, C18:1(n-5), C20:1(n-7), C22:1(n-11), C20:5(n-3), SFA and n-3. No overlapping occurred between embryos at 227 days to hatch and embryos at 119, 46, or 0 days to hatch at the 95% confidence intervals (Fig. 3) . Additionally, no overlapping occurred between embryos at 0 days to hatch and embryos at 119 and 172 days to hatch. Embryos at 46, 119, and 172 days to hatch overlapped with each other.
DISCUSSION
The changes in clutch weight, and clutch weight:whole weight ratio indicated that eggs were growing heavier as they matured. In a separate experiment, Rugolo et al. (2005) reported median egg diameter increased from 0.5 to 0.8 mm from the JUN02 to the MAR03 cruise. The decrease in L* values indicated the eggs were getting darker and the decrease in a* and b* values indicated the color changed from orange toward purple as the embryos developed which is typical for this species.
The increase in moisture content of the eggs as embryos matured was similar to findings of giant crab, Pseudocarcinus gigas (Lamarck, 1818) [Gardner, 2001] , spider crab, Hyas araneus (Linnaeus, 1758) [Petersen and Anger, 1997] , grapsid crab, Sesarma rectum Randall, 1840 [Anger and Moreira, 2004] , Norway lobster, Nephrops norvegicus (Linnaeus, 1758) [Rosa et al., 2003 ], crayfish, Cherax quadricarinatus (von Martens, 1868) [Garcia-Guerrero et al., 2003] , Xantho bidentatus (A. Milne-Edwards, 1867) [Babu, 1987] and hippolytid shrimp, Nauticaris magellanica (A. Milne-Edwards, 1891) [Wehrtmann and Kattner, 1998 ]. The increase in ash content on a dry basis is Table 4 . Mean values (6 SD) of fatty acid composition (lg fatty acid/mg egg, dry weight basis) of C. opilio eggs by days to hatch. Fatty acids with values less than 1.0 are not reported here. Means of sample duplicates were used to calculate means and standard deviations. consistent with patterns noted with H. araneus (Petersen and Anger, 1997) and warm water crustaceans (Clarke et al., 1990 and Babu, 1987) . The lack of change in protein content during embryonic development was similar to results on H. araneus (Petersen and Anger, 1997) and crayfish (Garcia-Guerrero et al., 2003) . For other species of crab, protein decreased during embryonic development (Babu, 1987; Biesiot and Perry, 1995; Gardner, 2001 ). In the crab S. rectum, nitrogen content appeared to increase during embryonic development (Anger and Moreira, 2004) . Lipid content was comparable to that noted in the crab Xantho bidentatus (Babu, 1987) and in the spider crab, Hyas araneus L., (Petersen and Anger, 1997 ) throughout most of embryonic development. Decreased lipid content with embryonic development is documented with various decapods (Clarke et al., 1990; Biesiot and Perry, 1995; Petersen and Anger, 1997; Wehrtmann and Kattner, 1998; Garcia-Guerrero et al., 2003; Rosa et al., 2003) and is indicative of lipid being the chief source of energy during development in these crustaceans. The decrease in lipid content appeared to be greater during the last 46 days prior to hatching than in similar time periods earlier in the study. Other crustaceans such as giant crab and Palaemon serratus appear to metabolize proteins to a greater extent than lipids (Harrison, 1990; Gardner, 2001) . Jaeckle (1995) reported that lipid:DOW ratio ranged from 19.6% to 23.6% in eggs of marine invertebrate species that have planktotrophic larvae and from 34.5% to 50.4% in eggs of species with lecithotrophic larvae. Our results show that snow crab eggs fall in the range of values for invertebrate species that have planktotrophic larvae. Jaeckle (1995) also reported that protein:DOW ratio of eggs from marine invertebrate species with planktotrophic larvae ranged from 48.8% to 59.9% and the lecithotrophic larvae value ranged from 22.2% to 38.4%. In our results, the protein:DOW ratios indicated planktotrophic values. These results support the previous results (Kon, 1979) that snow crab larvae feed on plankton rather than rely on residual lipid or protein reserves during early larval development and demonstrated that an aspect of behavior can be predicted by the use of biochemical analyses. Determining these biochemical values would allow predictions to be made on larval feeding behavior of crustaceans in situations where it is not feasible to retain live specimens for later observation.
The relative distribution of fatty acids in snow crab embryos among SFA, MUFA, and PUFA classes was similar to that reported by Morias et al. (2002) for the common prawn, Palaemon serratus (Pennant, 1777), and rock pool prawn, Palaemon elegans (Rathke, 1837). However, the total fatty acid content of snow crab embryos was almost 50% higher than these two species both of which come from warmer waters. Snow crab embryos had a higher proportion of PUFA than embryos of Norway lobster, N. norvegicus, but similar total fatty acid content in the earliest stages of embryonic development (Rosa et al., 2003) .
The predominant saturated fatty acid was C16:0 followed by C14:0 and C18:0. Clarke et al., 1990; Wehrtmann and Kattner, 1998; Morais et al., 2002; Rosa et al., 2003) reported the order as C16:0 . C18:0 . C14:0 in the species they studied. Wehrtmann and Graeve (1998) also found that palmitic acid was the predominant saturated fatty acid in eggs of two tropical marine caridean shrimps and that it was even higher than any unsaturated fatty acid. For snow crab eggs however, palmitic acid content was less than that of EPA, C20:5(n-3), in eggs from females collected in all Fig. 2 . Utilization (means 6 SD) of saturated fatty acids (SFA), C14:0, C16:0, C18:0, monounsaturated fatty acids (MUFA ), C16:1(n-7), C18:1 (n-7), C18:1(n-9)cis, C20:1(n-11), polyunsaturated fatty acids (PUFA), eicosapentaenoic (EPA), arachidonic acid (ARA), docosahexaenoic acid (DHA), and total lipids with development of C. opilio embryos from 277 to 0 days before hatch. Table 5 . Mean values (6 SD) of lipid classes (percent total lipid) of C. opilio eggs by days to hatch. Means of sample duplicates were used for calculation of mean and standard deviation. The superscript letters are used to denote significance (P , 0.05) between embryonic characteristics. cruises. The order of monounsaturated fatty acids in snow crab embryos was similar to that noted for Norway lobster (Rosa et al., 2003) and hippolytid shrimp (Wehrtmann and Kattner, 1998) . The order of abundance of polyunsaturated fatty acids in snow crab eggs was similar to that found in hippolytid shrimp (Wehrtmann and Kattner, 1998) . In the tropical shrimp Paleomonetes schmitti Holthuis, 1950, Wehrtmann and Graeve (1998) found the order of abundance as EPA . ARA . DHA. In Norway lobster embryos, DHA content was higher than EPA content (Rosa et al., 2003) at the earliest stage of development. Of the three temperate water decapod species studied by Morais et al. (2002) , rock pool prawn, Palaemon elegans, had the most similar order of polyunsaturated fatty acids in eggs compared to those of snow crab. These variations in fatty acid composition among these different species of crustaceans did not seem to form any consistent pattern based on simple comparison. However, Rosa et al. (2007) used principal component analysis of the embryonic fatty acid profiles of a wide variety of crustacean species to group them into three categories that reflect differences in diet and ecological niche.
The rate of utilization among fatty acid categories was more uniform for snow crab embryos than for other documented species. Morais et al. (2002) reported that MUFA was utilized almost 70% while PUFA and SFA were utilized about 50% for P. serratus during embryonic development. For Norway lobster (Rosa et al., 2003) , SFA, MUFA, and PUFA were utilized 43%, 59% and 53% respectively during embryonic development. The order of utilization among C14:0, C16:0, and C18:0 for snow crab embryos was similar to that reported by Rosa et al. (2003) for developing lobster embryos. However, Wehrtman and Graeve (1998) reported rates of utilization of C14:0, C16:0 and C18:0 at approximately 30%, 48%, and 50%, respectively, in P. schmitti which is opposite the order seen in snow crab. Like snow crab, embryos of hippolytid shrimp, utilized C16:1(n-7) to a greater extent than oleic or C18: 1(n-7) (Wehrtmann and Kattner, 1998) . In Norway lobster, (Rosa et al., 2003) , the order was oleic . C16:1(n-7) . C20:1(n-9). Morais et al. (2002) also reported that oleic and C16:1(n-7) were utilized to a greater extent than C18:1(n-7) in the three species of caridean shrimp they studied.
Snow crab embryos differed from other species in that DHA was spared during embryogenesis compared to other PUFA. In Norway lobster, Rosa et al. (2003) reported that DHA was utilized to a greater extent than EPA, ARA, or any other fatty acid. Percent utilization varied considerably between species in the tropical shrimp studied by Wehrtman and Graeve (1998) with DHA content essentially stable in the development of Alpheus saxidomus but depleted by 39% in P. schmitti. For hippolytid shrimp, the relative extent of utilization between EPA and DHA varied among sample locations with DHA utilized to a greater extent than EPA for one site while for the other two sites, utilization percentages of DHA and EPA were similar (Wehrtmann and Kattner, 1998) . Among two of the caridean shrimp species studied by Morais et al. (2002) , ARA had a higher percent utilization than EPA or DHA. Clarke at al. (1990) reported DHA, EPA and ARA were utilized 63%, 54% and 39% respectively, in the development of Malaysian prawn, Macrobrachium rosenbergii (De Mann, 1879) embryos. Minimal use of DHA during embryonic development of snow crab embryos may be advantageous after hatching as it could function as a nutritional reserve during larval stages. Several studies have shown that growth and survival rates increased when larval and juvenile crustacean are fed diets with enhanced DHA content (Narciso and Morais, 2001; González-Félix et al., 2003; Nelson et al., 2004) .
The decrease in TG and increase in PL during embryonic development in snow crab embryos has also been reported during the development of shrimp (Wehrtmann and Graeve, 1998) and lobster embryos (Rosa et al., 2003) . Additionally, Harrison (1990) has reported that triacylglycerides are the predominant form of energy storage in crustaceans throughout their life cycle. The apparent increase in TG and decrease in PL between 46 and 0 days prior to hatching is difficult to explain as it is contrary to the trend usually seen in crustacean eggs. The increase in sterol content during the late stages of development in snow crab was similar to changes in cholesterol during embryonic development of three caridean shrimp species (Morais et al., 2002) .
While determination of the effect of deprivation of particular fatty acids, fatty acid classes, or lipid classes on reproductive success was beyond the scope of this project, the extent to which certain fatty acids and lipids were utilized provides a guide for such future experiments. Subsequent studies on year to year variation of these essential fatty acids in eggs and other organs such as the ovary and hepatopancreas of female crab could provide valuable insight on the nutritional health of snow crab populations.
The FSGDA of the fatty acid data demonstrated it is possible when using a five group division for the one year gestation period to build a limited prediction model to estimate the number of days to hatch for snow crab eggs. The lack of any overlap between embryos at 227 days to hatch and embryos at 119, 46, or 0 days to hatch means that the fatty acid profile could be able to distinguish between embryos at 227 days to hatch and embryos at these later times of development. However, since there was overlap in the model for embryos at 172, 119, and 46 days to hatch, the fatty acid profile could not be used to distinguish among embryos at these times of development. While determining fatty acid profiles is more expensive that the microscopic method of determining embryonic development, egg samples can be frozen in the field for later analysis and do not require maintaining live crab and expertise in crustacean embryology.
